Background: Low bone mineral density (BMD) is a public health issue in Saudi Arabia. This study measured the prevalence and factors associated with low BMD in Saudi women in Riyadh, Saudi Arabia. Methods: A cross sectional study using two stage cluster sampling technique was conducted in Riyadh, 2009. Thirty clusters, each comprising of 300 houses were randomly chosen and from each cluster 38-40 households were selected to identify 1150 women of >40 years. Women were invited to primary health care center for filling of self-administered questionnaire (n = 1069) comprising of sociodemographic, health, diet and physical activity variables. 1008 women underwent screening for low BMD using the quantitative ultrasound technique. 535 (53%) women with positive screening test were referred to King Khalid Hospital for Dual X-ray Energy absorptiometry (DXA). Results: 362 women underwent DXA and 212 (39.6%) were screened low BMD either at lumbar spine or femur neck. Mean age of women was 55.26(±8.84) years. Multivariate logistic analysis found; being aged 61 to 70 years (OR 2.75, 95% CI: 1.32-1.48), no literacy (OR 2.97, 95% CI:1.44 -6.12) or primary education (OR 4.12, 95% CI:2.05-8.29), history of fractures (OR 2.20, 95% CI:1.03-4.69) and not drinking laban(diluted yogurt) (OR 2.81, 95% CI:1.47-5.37) significantly associated with low BMD.
Background
Low bone mineral density (BMD) manifesting as fragile bones mainly comprise of osteoporosis and osteopenia [1] . Prevalence of low BMD varies according to age, sex, ethnicity and type of skeletal bone [1] . According to global estimates, about 200 million women suffer from osteoporosis worldwide [2] . The American 2005-2008 National Health and Nutrition Examination Survey found 50% of women over 50 years of age suffering from low BMD [3] . Low BMD is a public health issue in Saudi Arabia and prevalence of lumbar and femur osteopenia ranges from 7% to 43.4% and osteoporosis from 2.5 to 46.7% [4] [5] [6] [7] .
National Osteoporotic foundation, USA and the National consensus group on osteoporosis for the Middle East and North Africa has indicated; menopause, low physical activity, family history of fractures, personal history of fracture as an adult, cigarette smoking, alcohol drinking, thin build, use of oral gluco-corticosteroid therapy for 3 months or more or having history of rheumatoid arthritis, thyroid disease, liver disease as major risk factors for low BMD [7] [8] [9] . In addition to above, Rouzi et al. in a prospective cohort study on healthy Saudi postmenopausal women found a combination of factors (age, physical activity, hand grip, bone mineral density, dietary calcium intake, serum 25 (OH)D levels and history of falls) to contribute significantly to osteoporosis-related fractures [10] .
Low BMD leads to limitations in mobility along with high medical cost. To date, the gold standard technique for diagnosing low BMD is the dual energy x-ray absorptiometry (DXA) which has high predictive validity (sensitivity and specificity) [11] . Number of hospital based and few community based studies have measured risk factors for fractures and low BMD in Saudi Arabia; however, these studies have reported limitations in generalizability and quality [3] [4] [5] [6] . In order to improve primary prevention against low BMD it is important to identify the few, most important risk factors through a community based study. The objective of this study was to measure the prevalence of low BMD using the DXA technique and identify the associated factors in Saudi women in Riyadh.
Methods
This was a community based household cross-sectional study conducted in Riyadh during April-May, 2009. Two stage cluster sampling technique was followed. Riyadh is divided into five administrative regions and one major primary health care center (PHCC) was selected from each region. The catchment population of PHCC served as a cluster. It is assumed that on an average there is one woman over forty years per Saudi family, therefore 230-240 households were randomly selected from each cluster to reach a sample size of 1150. Eligible women were invited to PHCC for filling of self-administered questionnaire and screening for low BMD using the Quantitative ultrasound (QUS) technique. Flow chart representing the enrollment and number of participants is given as Figure 1 .
Questionnaire was designed based on previous identified factors and other biological plausible factors leading to low BMD. Information was collected on variables related to socio-demographic characteristics ( dietary items; low fat milk, low fat cheese, low fat laban (diluted yogurt), meat, fish, vegetables, fruits, tea, coffee and physical activity (walking, climbing, swimming). All questions were phrased clearly for the participants to understand. Diet and physical activity was asked pertaining to last one week. Height and weight was measured through standard procedure. Those who had difficulty in reading or writing were interviewed by a trained research assistant.
Inclusion & exclusion criteria
Saudi females, >40 years of age and living in Riyadh city were included in the study. Women who self reported secondary causes of low BMD, such as hyperthyroidism, hyperparathyroidism or liver disease were excluded from the study.
Measurement of bone mineral density through quantitative ultrasound
QUS was done by scanning the calcaneum of the left foot using the Achilles machine (Lunar, General Electric, Madison, Wis.). The Achilles device is a water-based system, using fluid coupled through transmission in a temperature-controlled water bath (37°C). The cutoff point for positive screened case was t score < −1 at the calcaneum heel bone [12] . Two QUS machines (from same manufacturer) were used and both machines were calibrated every morning according to the manufacturer's instructions. Out of 1008 women who underwent QUS, 535 (53%) were screened positive. They were further referred to King Khalid University & Hospital (KKUH) for Dual energy x-ray absorptiometry (DXA) measurements. A workshop was conducted to train the research assistants on the use of Achilles machine. Study protocol was approved by the Institutional Review Board (IRB) of the King Saud University.
Dual energy x-ray absorptiometry
Out of 535 referred women, 362 (68%) underwent DXA. BMD was measured at the anterio-posterior spine L1-4 and Dual Femur Total (using GE prodigy, Lunar GE, Wisconsin USA). The quality control procedure for the machine was carried out every morning according to manufacturer's protocol. All patients had the test performed, processed and finalized for reporting on the same day. The automatic region of interest (ROI) was used in all procedures to calculate the BMD at lumbar spine and femoral neck. The manual adjustments in ROI were made for the lumbar spine when necessary, for example, in cases of severe scoliosis. In addition, women were asked to give their blood samples in the laboratory (KKUH) for measurement of serum calcium and 25(OH) vitamin D levels.
Statistical analysis
The stiffness index measured using the QUS was converted to corresponding t-scores with cut off of ≤ −1 as positive for LBMD. Similarly, low BMD measured using DXA was defined according to WHO cut off of t score ≤ −1 [13] (includes both osteopenia and osteoporosis) present either at lumbar spine or femur neck to develop a dichotomous variable. Mean and standard deviation was calculated for continuous and proportions for categorical variables. All variables significant on univariate analyses and having biological plausibility were entered in multivariate logistic regression model using forward step modeling. Adjusted odds ratios and 95% confidence intervals were calculated. Significance was taken as α ≤ 0.05.
Results
The socio demographic characteristic of women undergoing screening using the QUS are presented in Table 1 Total number of patients with low BMD either at the lumbar spine or femoral neck using the DXA was 212 (58.5%) out of 362. Univariate analysis found age 60-70 years, education, personal history of fractures as an adult, husband occupation as an administrator and intake of dietary items; low fat laban, green tea and Arabic coffee during last one week as significantly associated with low BMD (Table 2) .
Out of 535 women, 362 visited the hospital for DXA and 173 were missing. Women who did not get their DXA done reported transportation and male members' unavailability as main factor for their absence. We compared the sociodemographic, health, dietary and physical activity data between those who got DXA done and not done. We found no significant difference (p > 0.05) among any of the variables except for husbands occupation (p < 0.01) between the two groups (results not shown).
In the final multivariate model, age 61 to 70 years (OR = 2.75 95%CI 1.32-1.48), no literacy (OR = 2.97, 95%CI 1.44-6.12), primary level of education (OR = 4.12 95%CI 2.05-8.29), history of personal fracture as an adult on trivial falls (OR = 2.20 95%CI 1.03-4.69) and not using laban in the diet (OR = 2.81 95%CI 1.47-5.37) were significantly associated with low BMD (Table 3) . Physical activity was not associated with low BMD on univariate or multivariate analysis. 
Discussion
Previous research findings on high prevalence of low BMD in Saudi women are supported by this communitybased study [4] [5] [6] [7] 9, 14] . Majority of studies, however, have focused on postmenopausal women, while we included women 40 years and above because symptoms for low BMD tend to appear earlier in Saudi women [14] . Analogous to high burden, factors associated with low BMD like age, education and dietary products are in support of earlier studies [3, [7] [8] [9] [13] [14] [15] . Pathophysiology of aging in women indicates disconnection of trabecular network leading to reduction in bone mineral, structural deterioration and decrease in bone strength [16] which may explain the increase in prevalence of low BMD by 5% for each ten-year period between 40 and 50 years and 50 to 60 years. Old age effects on bones are further aggravated by estrogen deficiency due to menopause. The National Health and Nutrition Examination Survey (NHANES) for 2005-2008 reported an increase after 50 years of age in low BMD with each decade of age [3] , hence supporting our results. Similarly, finding that being aged 60 to 70 years had the highest odds of low BMD is supported by NHANES results which found prevalence to increase until age 70 years, after which it remained static [3] . The recommended age for screening Saudi women remains controversial, some recommending 55 years [14] and others 65 years [15] ; however, based on our findings we propose screening of all Saudi women for low BMD at age of 60 years. Social determinants of health, such as low education have been associated with low BMD [17] . Low education may prevent women from getting information on healthy life style habits including physical activity and access to health care thus augmenting the risk of low BMD. Sedat et al. found incidence of vertebral fractures in Saudi Arabia between 20% and 24% [14] . One of the risk factors mentioned by National Osteoporosis Foundation in its guidelines for MENA region (Middle East and North Africa) is having personal history of fractures as an adult [8] . Fractures occurring during adulthood on exposure to some exercise, weight lifting or falls indicate weak bones and low bone mass density [18] and are a concern for future risk of osteoporosis [19] . Hence fractures and low bone density follow a viscous cycle; one leading to other and aggravating the condition further. Early screening of all such cases should be made mandatory as managing fractures in elderly is tedious and require support from family as well as health personal. In addition, the mortality, morbidity, disability and financial cost associated with management of fractures make screening for low BMD imperative [20, 21] . Bone health is associated with diet rich in calcium and vitamin D, such as milk, cheese and laban (diluted yogurt) [22] . Milk and cheese, though consumed by majority after adjustment were not significantly associated with low BMD. However, "laban" also commonly known as "lasi" a dairy product manufactured by thermophilic fermented milk cultured with lactobacillus, bulgaricus and streptococcus thermophiles was significantly associated with low BMD. Several therapeutic benefits have been associated with fermented milk, [23, 24] including decrease in bone deterioration, geriatric osteoporosis, skin ulcers, gastrointestinal symptoms and aging [24] [25] [26] [27] . Quasi-experimental studies conducted on animal models have found fermented milk to reduce osteoporotic changes in mice [26, 27] . Laban increases calcium assimilation [28] . Laban is a traditional drink of Saudi Arabia; however, its use seems to decrease with the introduction of new beverages. In view of present findings, we recommend regular use of laban as one of the preventive strategies against low BMD. As one cup (200 ml) of laban contains 238 mg of calcium and 80 IU of vitamin D, each women needs to take on an average 4-5 cups of laban per day in order to meet the recommended amount of calcium and vitamin D (daily recommended amount of Calcium 1000-1200 mg and vitamin D 600 IU) [29] , therefore we conclude laban is an important and significant factor and even if taken alone in recommended amount can prevent low BMD. There may be other dietary sources contributing to blood vitamin D and calcium levels (for eg milk and cheese) and preventing low BMD but were not significant in our final model, for example, recently, use of green tea is proven to be protective against LBMD [30] . Future studies can recommend a dietary plan based on local food items to prevent women from developing low BMD.
This study is novel as it has used QUS as baseline screening test to identify "at risk" women before referring them for a much costlier and radiation exposed investigation, DXA. Recent studies found QUS to be a reliable screening instrument for low BMD/fractures and recommended its use in primary care settings [12, 31, 32] . Unnecessary exposure and cost related to DXA was reduced as 47% (473 women out of 1008) were normal on baseline screening and did not require undergoing DXA.
Vitamin D deficiency is supposed to identify at risk population for low BMD [33] but our results conclude that vitamin D may not be a reliable indicator for women in Saudi Arabia as majority were suffering from vitamin D deficiency, in fact low BMD women had higher values as compared to normal group.
Limitations
Study had some limitations. 173 (32%) women did not undergo DXA testing. The main reason identified was limited mobility due to cultural factors. Although comparison of the characteristics of those tested and not tested with DXA revealed no significant difference except for husbands occupation, however, the groups may have differed on some characteristics that we did not ascertain. Several studies have taken cutoff point for QUS as t < −1; however, Sedat et al. recommended a different cut off [32] based on population differences, difference in results could be expected due to difference in cutoff. Women were labeled as menopausal and perimenopausal according to their responses and no laboratory investigation (FSH levels) was done to support their responses. Sun exposure was asked for current months only and type of clothing and seasonal variation was not taken into consideration. In addition, frequency of dietary items and physical activity may have been subjected to information bias. Thus, it is possible that residual uncontrolled confounding may have played a role in our findings.
Conclusions
In conclusion, low BMD poses a high public health burden in Saudi Arabia which can be identified through screening and risk factors assessment at primary care level. Health education, regular screening and use of dietary products like laban (diluted yogurt) can help prevent low BMD in women.
